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PARTICULATE FUEL COMPONENTS FOR SOLID 
PROPELLANT SYSTEMS 

FIELD OF THE INVENTION 

The present invention relates to free-?owing, particu 
late fuel components for use in solid propellant systems, 
and to a method for making those fuel components. 

BACKGROUND OF THE INVENTION 

Solid propellant systems generally comprise a plastic 
material in admixture with a light metal, such as alumi 
num or beryllium, and a metal oxide, along with con 
ventional compounding adjuvants, such as sulfur, accel 
erators, anti-oxidants, anti-ozonants and activators, and 
particles of a solid oxidizer, such as ammonium perchlo 
rate. The various solids and the plastic material are 
blended together to form a plastic mass, which is 
formed into shapes and cured. The cured propellant 
systems must have certain essential characteristics in 
order to perform satisfactorily. For example, the cured 
system must burn evenly at approximately the same rate 
over all exposed surfaces, be suf?ciently strong to with 
stand stresses developed during burning, and not crack 
or shatter either prior to or during the burning process. 
It is apparent that only a propellant system having a 
very high degree of homogeneity can perform satisfac 
torily. 

Solid propellant compositions are fabricated into 
desired shapes by moulding, extruding or pressing for 
mulations of several solids admixed in a plastic binder 
material.‘ The binder materials utilized are generally 
thermoplastic resins and/ or resins which may be cured 
by chemical cross-linking reactions. High shear devices 
capable of separating ?ne-sized particles from each 
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In U.S. Pat. No. 4,452,145, thermoplastically deform 
able elastomers are deposited on particles of the oxidant 
from a solution containing the elastomer. 

U.S. Pat. No. 4,361,526 describes an overall process 
for preparing solid ‘propellant systems utilizing a ther 
moplastic elastomer as the binder. The process involves: 
(1) dissolving an elastomer in an excess of a volatile 
solvent; (2) adding and mixing an aziridine compound as 
a binding agent in the thermoplastic elastomer to en 
hance adhesion between the binder material and the 
solids to be added; (3) adding propellant solids includ 
ing aluminum powder as a fuel element and two differ 
ent nominal particle sizes of ammonium perchlorate 
oxidizer, to increase particle packing efficiency, to the 
solution of elastomer; (4) mixing the solids and the ther 
moplastic elastomer solution to achieve a uniform mix 
ture; (5) evaporating the organic solvent from the mix 
ture to yield a dry solid propellant composition free 
from the volatile organic solvent; (6) chopping the dried 
solid propellant composition into pellets; (7) placing a 
predetermined amount of the pellets in a mold and heat 
ing to 150° C. to yield a viscous ?uid of the propellant 
composition; (8) pressing the viscous ?uid in the mold; 
and, (9) cooling the mold and separating solid propel 
lant, as grains from the mold. 

U.S. Pat. No. 4,019,933 discloses isocyanate-cured 
propellant systems comprising a binder of hydroxy-ter 
minated liquid polymer systems, selected plasticizers, 
optional metal fuels, and ammonium perchlorate. U.S. 
Pat. No. 4,090,893 'describes a bonding agent system for 
improving aging and low temperature physical proper 

. ties of propellant systems and compositions comprising 
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other are generallyemployed to obtain a homogeneous _ 
blend of the solids and the‘plastic binder prior to fabri 
cating the blend into the shape desired. 

In practice, the oxidizer provides the major portion 
of the volume of the propellant system, and the fuel and 
binder occupy the void spaces between the relatively 
large oxidizer particles. The primary particles of the 
fuel are orders of magnitude smaller in size than the 
oxidizer particles, and this fact makes necessary that 
extensive time and energy be expended in shear mixing 
the various components of the blend to obtain the neces 
sary degree of homogeneity. Quality control of the 
operation is difficult, and once binder curing agents are 
added to the blend, there is a limited amount of time 
available before the blend becomes solid and incapable 
of being moulded into pellets or other such shapes. 

Prior to blending, the fuel particles, e.g., carbon or 
aluminum, are generally mixed or coated with a resin 
ous binder to form an agglomerate. The agglomerate is 
generally formed by coating particles of the fuel with 
the resin dissolved in an organic solvent or by dry 
blending the fuel with the binder. Representative prior 
art procedures are described below. 

DISCUSSION OF THE PRIOR ART 

In U.S. Pat. No. 4,256,521, metal powders of nodular, 
?aky, irregular or acicular shape are granulated with a 
synthetic resin binder to build up a porous agglomerate 
having a size range of 100 to 2,500 microns having an 
apparent density of between 0.4 and 1.1. The porous 
metal powder agglomerates are formed by conventional 
granulating means which subject the metal powder and 
resin binder feed to a rolling or mixing motion or both. 

hydroxy-terminated polybutadiene elastomers curable 
with a diisocyanate curing agent and containing alumi 
num metal fuel and ammonium perchlorate. Incorpora 
tion of the bonding agent system is accomplished utiliz 

, ing conventional propellant blending and mixing equip 
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ment. And U.S. Pat. No. 4,597,924 describes a process 
for improving the mechanical properties and process 
ability of thermoplastic propellant systems by incorpo 
ration of 0.1% to 1.0% organic titanates disclosed to 
function as a bonding medium between the surface of 
ammonium perchlorate particles and the thermoplastic 
elastomer. 

OBJECTS OF THE INVENTION 

It is an object of this invention to provide free-?ow 
ing particulate products useful for the production of 
propellants characterized as being ?ne sized and sphe 
roidal in nature and highly chemically homogeneous; 
each particle having essentially the same content of 
fuels, binders and non-binder components. 

It is further an object of this invention to provide ?ne 
sized fuel comprising particles characterized such that 
when admixed with oxidizer particulates and binders 
the particles will free-flow to fill the void spaces exis 
tent between adjacent oxidizer particles. 
A still further object of this invention is to provide a 

fine sized spheroidal fuel comprising particles charac 
terized as being thermally and/or chemically highly 
cohesive one particle to another and highly adhesive to 
the oxidizer particles contained in the formed propel 
lant shape. 

It is further an object of this invention to provide a 
spheroidal fuel comprising particle wherein the solid 
non-elastomeric components are bound together by one 
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or more coagulated substantially polymerized mono 
mers. 

It is further an object of this invention to provide a 
spheroidal fuel comprising particulate characterized as 
comprising one or more coagulated substantially poly 
merized monomers capable of undergoing post-forming 
curing reactions as by molecular cross-linking, thereby 
obtaining improved propellant performance properties. 

BRIEF SUMMARY OF THE PRESENT 
INVENTION 

The above and other objects of the present invention 
are achieved by a method by preparing a free-?owing, 
particulate fuel component for use in solid propellant 
systems, which comprises: dispersing particles of a solid 
fuel having a particle size in the range of about 2-100 
microns in a latex of a polymer and spray-drying the 
resultant dispersion. The polymer coagulates about the 
particles of fuel during spray drying. 
The present invention also contemplates the free 

flowing, particulate fuel component prepared by the 
method of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Solid fuels suitable for practicing the present inven 
tion are typi?ed by powdered charcoal, aluminum, 
beryllium, or the like. The fuel particles, prior to treat 
ment with the polymer latex, have a particle size in the 
range of about 2-100 microns and preferably in the 
range 5-50 microns. Materials of smaller particle size 
are generally dif?cult to handle in conventional sys 
tems, but‘disperse easily in a latex system. Fuel particles 
larger than about 100 microns are undersirable from an 
overall performance basis. The fuel particles, particu 
larly those of the light metals, may be pretreated in a 
conventional manner to increase their stability to water 
and make them more readily dispersible in the latex. 
The fuel particlesare dispersed in the latex by mixing 

using conventional mixing equipment. Without limiting 
our invention to a particular theoretical mode of opera 
tion, it is believed that the polymer in the latex adheres 
to and can be said to coat or form a coating on the 
particles of the fuel components and agglomerates to 
form a spherical particle when heated to near or above 
its glass transition temperature during drying. 

Latexes of rubbery polymers are well-known to those 
skilled in the art. Latexes of synthetic polymers, particu 
larly of the butadiene-styrene type, and other elasto 
meric polymers such as neoprene, nitrile and the like, 
are commercially available. Such latexes usually con 
tain a variety of conventional additives including vulca 
nizing or curing agents. The presence of such agents in 
the latex may promote the further vulcanization or 
curing of the polymer when the dispersion of the fuel 
component in the latex is spray dried in the second step 
of our process. It is apparent that the method of the 
present invention can be practiced with a wide variety 
of latexes that coagulate on spray drying to form free 
flowing, particulate spheroidal products. 
The polymers in the latexes used in practicing the 

method of the present invention have a glass transition 
temperature (Tg) between about -20° C. and +30° C. 
The glass transition temperature is that temperature at 
which a polymer changes from a hard, glassy state to a 
free-?owing, amorphous state. The speci?c glass transi 
tion temperature of a polymer is one measure of the 
polymer’s softness and ?lm-forming characteristics. 
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4 
Generally speaking, polymers with a glass transition 
temperature above 30° C. do not form ?lms at room 
temperature. A decrease-in glass transition temperature 
results in an increase in softness, elasticity and tack, and 
polymers with a glass transition temperature below 
—20° C. are too tacky and do not form free-?owing 
particulates when a latex containing them is spray dried. 
In practice of this invention, latex polymers having 
higher glass transition temperatures may be used, since 
product temperatures of 80°—l00° C. are easily attained 
during spray drying. 

In spray drying, water is removed from the system 
being dried to form a particulate solid. The system is 
?rst ?nely divided or “atomized” by passage through a 
nozzle or nozzles and the “atomized” product is then 
contacted with a heated gas. The heated gas functions 
to provide heat for evaporation of the water and serves 
as a carrier to remove the water vapor formed by evap 
oration. One skilled in the art can utilize conventional 
spray drying equipment to practice the method of the 
present invention and, within limits, control particle 
size distribution. 

In practicing the method of the present invention, 
?nely divided particles of the fuel and any adjuvants are 
dispersed in the latex of the polymer having the requi 
site glass transition temperature. The fluid dispersion is 
then formed into spheroidal droplets by nozzle or ro 
tary means in the presence of a heated gas medium to 
vaporize the water and to produce a ?nesized, solid 
spheroidal product comprising the particles of the fuel 
and any adjuvants used encapsulated and all bound 
together by means of the rubbery polymer coagulated 
on the fuel. 
The free-?owing particles produced by the method 

of the present invention are particularly suited for use as 
fuel and binder components in the production of propel 
lants. The products of this invention may be utilized as 
a source of the fuel and the binder in conventional pro 
pellant processing systems, and may be admixed di 
rectly with oxidizer particulates and binders to form a 
free-?owing formable and curable propellant composi 
tion. 
Our invention is further illustrated by means of the 

following non-limiting examples: 

EXAMPLES 

In each of the following examples, the feed to the 
spray dryer was prepared by dispersing in a butadiene 
styrene latex an aluminum powder stabilized against 
reaction with water. The aluminum powder with a 
particle size less than 45 microns was prepared by siev 
ing Alcan 44, a product sold by Alcan-Toyo America 
Inc. The latexes utilized were commercially available 
styrene-butadiene latexes (Dow Designed Latexes Bro 
chure Form No. l91—l83—86) having glass transition 
temperatures (Tg) ranging from -—5‘’ C. to + 11° C. The 
properties of the “dry” polymers in those latexes are 
summarized below: 

DEGREE 
OF 

EXAMPLE LATEX TENSILE ELONGA 
NO. NO. Tg(°C.) STRENGTH TION 

1 DL 239A —5 1025 psi 420% 
2 DL 240A —1 1265 425 
3 DL 238A 9 2050 360 
4 DL 245A 11 3070 290 
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After mixing the aluminum powder with each latex, 
the resultant dispersions were-spray dried using a spray 
dryer known in the trade as a Niro Mobile Minor hav 
ing a three foot spray diameter. A two ?uid nozzle 
spraying upward and operating at 30 psig was used to 
produce spheroidal droplets of the material being fed to 
the dryer. Approximately one percent by weight of a 
?nely divided silica, known as Cabosil, was added as an 
anti-caking agent through a rotary atomizer located in 
the roof of the drying chamber. In all tests, the feed rate 
was maintained at about 3.7 kilos per hour, and the inlet 
temperature was kept at about 225° C. to obtain an 
outlet temperature of near 100° C. Nitrogen was used as 
the heat conveying gas and to operate the two ?uid 
nozzles for feed atomization. About 80% of material fed 
to the spray dryer was recovered as dry product. Some 
deposits are formed on the walls of the spray drier due 
to the small size of the equipment. An essentially quanti 
tative product yield is to be expected in commercial 
scale spray drying operations. 

Spray drying of the dispersions yielded spheroidal 
particles having a mean particle size of approximately 
50 microns and which contained approximately 61% by 
weight of aluminum metal. Some loose agglomerates 
having an average particle size of approximately 200 
microns were also present. The free-?owing particles 
may be used, for example, as a fuel component and a 
binder in the preparation of propellants using proce 
dures as described in U.S. Pat. Nos. 4,090,893 and 
4,597,924, the disclosures of which are incorporated 
herein by reference. In U.S. Pat. No. 4,090,893, the 
propellant contains a high solids loading of aluminum 
metal (0-20%) and ammonium perchlorate (65-88%), 
hydroxy-terminated polybutadiene binder (7—15%) 
with antioxidant (0.15-l%), diisocyanate curing agent 
(0.75-3%), plasticizer (04%), and burn rate catalyst 
(ODS-1.5%) and optionally, a delayed quick cure cata 
lyst system of equal parts of triphenylbismuthine, MgO, 
and maleic anhydride (0-0.05 each). The particulate 
fuel components of the present invention may be used to 
supply the desired aluminum content and a portion of 
the binder system in propellant systems described in the 
aforementioned patents. The fuel components prepared 
according to the method of the present invention may 
also be used to supply the aluminum in propellant sys 
tems such as those of U.S. Pat. No. 4,597,924. Other 
uses and applications of the method and free-flowing 
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6 
particulates of the present invention will suggest them 
selves to those skilled in the art. 
What is claimed is: 
1. A method for preparing a free-?owing, particulate 

fuel component for use in solid propellant systems, 
which comprises: dispersing particles of a fuel for a 
solid propellant having a particle size in the range 2-100 
microns in a latex of a polymer, and spray drying the 
resultant dispersion. 

2. A method according to claim 1, wherein the poly 
mer has a glass transition temperature between —20° C. 
and +30° C. Y 

3. A method according to claim 1, wherein the parti 
cles of the solid fuel dispersed in the latex are coated 
with the polymer. 

4. A method according to claim 1, wherein the poly 
mer is coagulated about the particles of the fuel during 
spray drying. 

5. A method according to claim 1, wherein the fuel is 
> a light metal. 

6. A method according to claim 5, wherein the light 
metal is aluminum. 

7. A method according to claim 6, wherein the parti 
cle size of the fuel is in the range 5-50 microns. 

8. A method according to claim 1, wherein the poly 
mer is an elastomer. 

9. A method according to claim 8, wherein the elasto 
mer is a butadiene-styrene rubber. 

10. A method according to claim 9, wherein the 
butadiene-styrene rubber has a glass transition tempera 
ture of — 1° C. 

11. A method according to claim 1, wherein the latex 
contains a vulcanizing or curing agent. 

12. A method according to claim 11, wherein the 
polymer is partially vulcanized or cured during spray 
drying. . 

13. The free-?owing, particulate fuel component 
produced by the method of claim 1. 

14. The fuel component of claim 1, wherein the fuel is 
' aluminum and the polymer is a styrene-butadiene rub 
ber. 

15. A solid propellant system comprising the fuel 
component of claim 13 and an oxidizing agent therefor. 

16. A solid propellant system comprising the fuel 
component of claim 14 and an oxidizing agent therefor. 

* * * =l= * 


